Opposing effects on modulation of angiogenesis by protein kinase C and cAMP-mediated pathways.
The role of cAMP-mediated pathway in modulating angiogenesis was investigated. We have shown previously that activators of protein kinase C (PKC) caused a marked increase in angiogenesis, while the specific inhibitor of PKC, Ro 318220 suppressed angiogenesis. Here we show that forskolin, which activates adenylate cyclase and elevates the intracellular levels of cAMP, and the Sp-diastereomer of adenosine cyclic-3',5'-monophosphothioate (Sp-cAMPS), caused a dose-dependent suppression of collagenous protein biosynthesis and angiogenesis in the chick chorioallantoic membrane system (CAM). The opposite modulation of angiogenesis by activators of PKC and elevated cAMP levels was further confirmed by the suppression of 4 beta-phorbol-12-myristate-13-acetate (4 beta-PMA)-stimulated angiogenesis by either forskolin or Sp-cAMPS. On the contrary, the Rp-diastereomer of adenosine cyclic-3',5'-monophosphothioate (Rp-cAMPS), which antagonises endogenous cAMP biochemical actions, had no effect on angiogenesis alone and did not suppress 4 beta-PMA stimulated angiogenesis. However, Rp-cAMPS antagonised the effect of forskolin and Sp-cAMPS on 4 beta-PMA induced angiogenesis. Similar results were obtained in the human umbilical vein endothelial cell tube formation assay. In this system, the PKC inhibitor, Ro 318220, caused a dose-dependent inhibition of 4 beta-PMA reversed this effect. Also, forskolin and Sp-cAMPS caused an inhibition in tube formation. These results indicate that increased levels of intracellular cAMP have a negative effect in normal angiogenesis and cause a large reduction of the promotion of angiogenesis resulting from PKC activation.